T he relationship between stress and quality of life in adults with asthma is believed to be important, but has not been well studied. In theory, stress may affect the quality of life in asthma through multiple different mechanisms, including mediation via a step-up in disease severity or through psychosocial pathways that may modulate the impact of disease and how it is perceived at the individual level, either of which may affect the quality of life. 1 2 Quality of life in asthma is increasingly recognised as a clinically important health measure, reflecting the effect of disease from the patient's perspective. [3] [4] [5] There is no single approach to assessing stress in relation to health, adding further challenges to the systematic study of this problem. One method of quantifying stress that has been applied in a number of different contexts assesses recent ''major life events''. This approach focuses on distinct experiences that may have occurred over a discrete period of time. These are ascertained through various survey tools, ranging from semi-structured interviews to a self-completed checklist. Although such life events were originally conceived as being either positive or negative, but most importantly engendering ''social readjustment'', the construct has evolved to emphasise ''stressful life events'', focusing in particular on experiences generally considered to be negative stressors. [6] [7] [8] [9] Examples of negative stressors include death of a partner, family member or close friend, major financial loss, and experience of a major personal crime or injury.
We wished to test whether negative life events were associated with poorer asthma-specific quality of life among adults with asthma, consistent with an adverse effect of stress on health. For this analysis, we used data from a wellcharacterised asthma cohort, taking into account asthma severity and personal demographics insofar as they might confound any observed effects of negative life events.
METHODS

Overview
In this cohort study of adults with asthma, we analysed responses to a self-completed questionnaire assessing life events in relation to other survey data and measured lung function. The patients studied represent a subset of a larger cohort of adults with asthma and chronic rhinitis followed longitudinally as part of an ongoing observational study. 10 The patients completed a life events questionnaire during a home visit at which their lung function was also assessed. 11 Before the home visit itself, extensive survey data were gathered through a comprehensive structured telephone interview. This analysis focuses on the inter-relationships among asthma severity (based on telephone interview data and lung function tested at the home visit), asthma-specific quality of life (derived from a battery included in the telephone interview) and the results of the life events questionnaire (completed during the home visit).
Patient recruitment and follow-up
The study cohort is derived from an original recruitment of patients with asthma based on a random sampling of pulmonary and allergy specialists in Northern California, followed by a subsequent recruitment from family practice specialists. 12 13 Later, a third group of patients, also in Northern California, was recruited through random digit dialling.
14 This final recruitment wave included people with a self-reported physician diagnosis of asthma, rhinitis or both conditions. Beginning in 2000-1, these patients were integrated into a single ongoing cohort completing the same structured telephone interview and followed regularly thereafter. Figure 1 summarises the patient recruitment and retention. The combined cohort (n = 548) was interviewed together for the first time in 2000-1. Of these patients, 102 had rhinitis alone without asthma and are not considered further in this analysis. In the follow-up, carried out in 2002-3, we successfully re-interviewed 347 of 446 (81%) patients with asthma. Of those not re-interviewed, 6 (1%) patients had died, 84 (19%) declined participation and 9 (2%) could not be successfully contacted. Details of follow-up and analyses of the complete dataset derived from these interviews, including patients with rhinitis alone, have been reported previously. 10 11 15-19 Structured telephone interview content Data collection was performed using a structured interview averaging 45 min in duration. The survey instrument included questions covering asthma severity (medical history, symptoms and drugs), an asthma-specific quality of life instrument, and survey items dealing with demographics and socioeconomic status (SES).
Home visits
After the telephone interviews, patients were invited to participate in the home visit component of the study. The average time elapsed between the telephone interview and the home visit was 11 weeks. The home visit protocol included multiple components, including environmental and biological sampling protocols that have been reported previously. 11 17 Of the 325 patients with asthma living in northern California and thus geographically eligible for this component of the study, 190 (58%) underwent a home visit. We excluded one of these patients from analysis due to missing quality of life data, leaving a final study group of 189 for this study. We found no significant differences (p.0.20 in all cases) in age, sex, race and ethnicity, age, education, or smoking status between 189 patients with asthma from the cohort who were included in this analysis and the 136 who were not.
Adaptation of a life events questionnaire for this study The life events questionnaire we gave was adapted from the Life Experiences Survey, which in turn is based on the Social Readjustment Rating Scale. 6 8 The life events questionnaire was completed only at the time of the home visit; it was not included in the telephone survey. Consistent with the recommendations of Turner and Wheaton, we tailored our checklist so that it was consistent with the target population, retained a core set of events (consistent with life event checklists commonly used), held to a target range of 30-50 events queried, and specified a 12-month time frame for the events reported. 12 The checklist adaptation we administered was comprised of 40 closed-ended items and two additional optional open-ended items where additional stressors could be listed by the respondent. Examples include major illness or death of a family member or close friend, purchasing a home, or starting a new business. For each item identified, patients were asked to provide a stress weighting between 0 and 10, yielding a maximum possible score of 420 (including the two open-ended events). Our questionnaire differed from the format of the original Life Experiences Survey in several key ways.
1. We did not include items worded separately by sex or marital status or for students.
2. We used language neutral to sexual orientation (eg, spouse/partner).
3. We added items related to physical assault, robbery, motor vehicle accident and death of a pet that were not in the original checklist.
4. We expanded the number of checklist items concerning personal finances and working conditions.
5. The scoring system we used to assess event-specific stress did not require that respondents specify a ''positive'' or ''negative'' value to their experience. Table 1 details the battery that we administered, which we will refer to as the Asthma Life Events Questionnaire (ALEQ). Consistent with the structure of the original Life Experiences Survey, some of the life experiences are inherently negative stressors, whereas some items query about events that may be stressful but are not necessarily negative. Therefore, we limited this analysis to the 26 items from the complete ALEQ that more likely than not reflect negative events. For example, we included in the analysis death and loss (overwhelmingly negative), the end of a long-term relationship (nearly always a negative event) and someone moving out of the home (potentially negative or positive, but in balance more likely to have negative aspects). By contrast, we excluded starting a new job because, although this can be a major stressor, it is inherently neither positive nor negative and indeed may be more likely to be the former than the latter. This classification is consistent with the generally accepted analytical approaches to major life experiences that have shown the numerical count of negative events to be the most predictive of health outcomes, without added explanatory power from additional weighting (eg, by perceived stress). 20 21 In addition to items ascertaining events that were not clearly negative, we also excluded from the analysis two items related to illness and hospitalisation. We did this because of their obvious link to the health outcome measures of interest. This exclusion is also consistent with standard approaches to analysing life events in relation to health outcomes. 20 After all exclusions, we retained 24 closedended items for this analysis from the total ALEQ.
We also analysed open-ended responses, limited to those that were clearly negative events.
Disease severity, asthma-specific quality of life and general health status These measures were based on data obtained through the structured telephone interviews. Asthma severity was quantified using the Severity of Asthma Score, a previously validated battery that is a composite of current asthma symptoms, past asthma hospital admissions, current and past systemic corticosteroid use, recent use of other asthma drugs and lifetime experience of certain types of healthcare use. 22 23 A maximum score of 28, which is weighted heavily by treatment received, reflects greater asthma severity. We found no significant difference in scores between those included (n = 189) and excluded (n = 136) for this analysis: mean difference 0.5 (95% confidence interval (CI) 20.7 to 1.7 points). We also classified patients according to the Global Initiative for Asthma guidelines using the algorithm of Laird et al. 24 Inhaled steroid dosing and other anti-inflammatory drug use was based on direct inspection of drugs given to patients at the time of the home visit. The Asthma Quality of Life (AQOL) questionnaire is a validated, asthma-specific instrument using a 20-item Likerttype scale we have adapted for telephone administration. 25 26 It assesses four domains: breathlessness, mood, social functioning and health concerns. A total score and subscale scores can be calculated, with higher scores reflecting poorer quality of life. General health status was assessed with the short form health survey 12 (SF-12) yielding both Physical Component Summary (PCS) and Mental Component Summary (MCS) scores. Normative scores are PCS, 53 (7) and MCS, 49.5 (9) among US adults aged 18-44 years without chronic morbidity. 27 28 For those patients from the asthma cohort included (n = 189) compared with those not included (n = 136) in this analysis, there were no significant differences in AQOL (mean difference 0.8; 95% CI 22.4 to 4.1; data missing for one patient), SF-12 PCS (mean difference 21.0; 95% CI 23.4 to 1.5) or SF-12 MCS (mean difference 20.2; 95% CI 22.1 to 1.5).
Lung function and cotinine
At the time of the home visit, we performed spirometry using an EasyOne spirometer (ndd Medical Technologies, Chelmsford, Massachusetts, USA). The EasyOne spirometer meets ATS 1994 diagnostic standards for spirometry measurements. 29 Spirometry measurements were taken using a standard protocol conforming to ATS guidelines to obtain the forced expiratory volume in 1 s (FEV 1 ). 30 We calculated the FEV 1 as a percentage of the age, height and sex values using the predictive equations of Hankinson et al. 31 At the time of the home visit, serum cotinine levels were obtained in never and You experienced a major increase in the number of arguments with spouse/partner 24 (13) 21.
You had a major argument with another family member or friend 45 (24) 22.
Friends or family moved away 27 (14) 23.
You divorced or separated from your spouse/partner 13 (7) 24.
You ended another long-term or serious relationship 9 (5)
The following two health-related items were included in the battery, but were excluded from the analysis because they would be anticipated to be linked to asthma severity and thus to quality of life (see Methods):
1. You became seriously ill or injured (reported by 58 (31%))
You had surgery or were hospitalised (reported by 43 (23%))
The following were included in the questionnaire administered, but were excluded from this analysis because they could be either positive or negative events (see Methods) former smokers to assess second-hand smoke exposure. 11 We reclassified five patients from ex-smoking (based on interview responses) to current smoking status because they had serum cotinine levels .14 ng/ml.
Data analysis
In addition to analysing the count of negative life events as a continuous variable, we also categorised the frequency using cut-points approximating quartiles. For other variables of interest, we defined strata based on cut-points approximating the median value or, in the case of FEV 1 % predicted value, the commonly accepted cut-point of 80% of predicted. The Wilcoxon's rank sum was used to test differences in the number of reported negative life events for each subject by dichotomously defined demographic variables, Severity of Asthma Score and FEV 1 percentage predicted. We analysed the relationship between the number of negative life events as an independent variable and AQOL (total and subscales) as dependent variables using linear regression analysis. Further analyses for total AQOL score were stratified by income and lung function. The Severity of Asthma Score was added to these models in multiple linear regression analyses to test for mediation by asthma severity. Generalised linear analysis of variance models tested negative life events (categorised as 0-2; 3-4; 5-6; or >7 events) and each of four income-asthma severity combinations (categorised as low-low, low-high, highlow and high-high) as predictors of total AQOL score. We retested the same predictive models with SF-12 PCS and SF-12 MCS as the dependent variables. All analyses used a standard statistical package (SAS V.9.0). Table 1 shows the frequencies for specific negative life events. The most frequently reported event was an increase in workload (46% of patients). Losing or moving out of a home due to fire, flood or other disaster (n = 2, 1%) was the least commonly reported event. Table 2 summarises the cumulative frequency of negative events. The mean (standard deviation (SD)) number of negative life events reported overall was 4.3 (3.1; median = 4; interquartile range 2-6; absolute range 0-17). No events were reported among 14 (7%) patients. In all, 50 patients reported at least one negative life event as an openended response; the most frequently cited were concerns about finances (n = 8) and the health of family and friends (n = 6; data not included in table 2). Table 3 presents the demographics and smoking status for study patients. The group was predominantly female (69%), white, non-Hispanic (71%) and with high educational attainment (49% college graduates). There were few current smokers (n = 10; 5%). The mean (SD) age was 46 (9) years.
RESULTS
Frequency of negative events reported in the ALEQ
Demographic and health status variables
The mean (SD) FEV 1 % predicted was 83 (18) among all subjects; it was ,80% in 71 (38%), ,70% in 46 (24%) and ,60% in 23 (12%). Classified by the Global Initiative for Asthma criteria (table 4), the patients fell into three categories of approximately similar size: steps 1-2 (intermittent to mild asthma; 40%); step 3 (moderate; 29%) and step 4 (severe; 31%).
The mean (SD) Severity of Asthma Score was 7.8 (5.2) points. It was correlated with FEV 1 % predicted (Spearman r = 20.39; p,0.001) and with the Global Initiative for Asthma classification (analysis of variance F = 26.2; p,0.001). The SF-12 PCS (44.7 (11.1)) and SF-12 MCS (46.8 (7.7)) were both modestly lower than the population normative mean value of 50. The asthma-specific QOL score (mean (SD) 16.1 (15.2)) correlated with the PCS (Spearman r = 20.51; p,0.001) in the expected direction (poorer quality of life (higher score) with poorer SF-12 PCS (lower score)). The correlation between asthma-specific QOL and SF-12 MCS, although also in the expected direction, was weaker (Spearman r = 20.16; p = 0.03).
Frequency of negative life events by demographics and asthma severity
We found no substantive differences in the frequency of negative life events stratified by demographic covariates except for income strata and smoking status (table 5). The number of negative life events did not differ significantly between those with FEV 1 ,80% and those with >80% predicted, nor among those with lower compared with higher Severity of Asthma scores.
Negative life events in relation to asthma-specific quality of life We used linear regression analysis to test whether an increase in negative life events was associated with poorer asthmaspecific quality of life (reflected in higher AQOL scores). As table 6 shows, with each additional negative life event, the total AQOL score increased (a decrement in quality of life) by approximately 1.1 point (p = 0.002). When stratified by income level, there was a significant association of negative life events with poorer AQOL among those with lower incomes (b = 1.7, 95% CI 0.5 to 2.9; p = 0.005), but not among those with higher incomes (b = 0.3, 95% CI 20.5 to 1.1; p = 0.43). Among the subset of patients with annual family incomes of ($20 000/ year (n = 19; data not shown separately in table 6), the slope of the relationship of negative life events to poorer AQOL was even steeper (b = 2.8, 95% CI 0.2 to 5.4; p = 0.04).
We also found differences when stratified by lung function (table 5 ). The number of negative life events was associated with poorer AQOL among those without airflow obstruction (FEV 1 percentage predicted .80%) (b = 1.5, 95% CI 0.7 to 2.3; p,0.001), but there was no significant association between the number of negative events and AQOL (p = 0.26) among those with airflow obstruction. In addition, among smokers, the number of negative life events was significantly associated with AQOL (b = 1.6, 95% CI 0.5 to 2.8; p = 0.01), but not among non-smokers (p = 0.14). In contrast with these observations, there was little difference in the association of negative life events with AQOL stratified by Severity of Asthma Score below the median (1.2 (0.4), 95% CI 0.4 to 1.9) and above the median (1.1 (0.5), 95% CI 0.1 to 2.0; p,0.05 in both groups).
Effect of negative life events taking into account Severity of Asthma Score
We repeated the same analyses adjusting for Severity of Asthma Score (right-hand columns, table 6). The principal findings were similar to those in the unadjusted models, although the point estimates for the effect of negative life events was reduced in all cases. For example, adjusted for asthma severity, the AQOL score changed in the direction of poorer quality of life by only 0.7 points (95% CI 0.1 to 1. To evaluate the impact of demographic and smoking variables as potential confounders, we carried out a multiple linear regression analysis of AQOL score adding the following to negative life events and Severity of Asthma Score: sex, age, 2 with the addition of these six covariates changed minimally, from 0.37 to 0.38; none of the covariates was a significant independent predictor of AQOL score in this model, whereas both negative life events (p = 0.03) and Severity of Asthma Score (p,0.001) remained significant.
Combined effects of life events, income level and asthma severity
To address the relationships among income, disease severity and negative life events, we tested together in a single model, combinations of income-asthma severity and negative life events. To accomplish this, we divided the study group into 16 possible cells based on income, asthma severity and ordinal category of negative life events. Patient numbers per cell ranged from 7 to 24 (median = 10). Figure 2 displays the mean asthma specific quality of life per cell. Patients with the combination of low income-high asthma severity had the highest AQOL scores (consistent with poorer quality of life) within each frequency level of negative life events. On analysis by generalised linear modelling, the overall model testing the relationships shown in fig 2 was found to be significant (p,0.001). In this model, the contribution of negative life events by ordinal category (p = 0.03) and income-severity category (p,0.001) were both significant. Adding smoking status to the model did not substantively change these estimates, and smoking was unrelated to AQOL (F = 0.08; p = 0.78). We also analysed the performance of the same predictive model for general health status (SF-12) as opposed to AQOL. On analysing physical health (PCS) as the dependent variable, the overall model was found to be significant (p,0.001), as was the contribution of income-severity group (p = 0.001), whereas negative life events were not significant (p = 0.10). For mental health (MCS), the overall model was also significant (p = 0.03), but neither income-severity nor negative life events were significant in the combined model (p = 0.11 for each).
DISCUSSION
Our findings support the hypothesis that negative life events are associated with quality of life among adults with asthma. This association was observed in a complex set of relationships involving SES and asthma severity. Those in the lower income stratum reported more negative life experiences in the prior 12 months, and it was within that stratum that the number of such events was associated with poorer asthma-specific quality of life. Those with more severe asthma did not report a greater frequency of negative life events and, in multivariate modelling, asthma severity explained part, but not all of the association of such events with quality of life.
The integration of these contrasting effects yields a relationship that is shown graphically in fig 2. Persons with severe asthma and minimal recent negative life events reported poorer quality of life across income levels. A higher frequency of negative life events, however, was associated with a decrement in asthma-specific quality of life. This was manifest as fewer negative life events within the lower income stratum, but quality of life was still negatively associated among those with higher incomes given a sufficient burden of negative life events. Among those with the greatest number of negative life events, if combined with lower income, the negative association with quality of life was present across the strata of asthma severity.
We were careful to exclude from this analysis negative life events directly related to personal health status, but we cannot disentangle fully all the potential cause and effect relationships involved. Either negative events or severity of asthma could lead directly to lower income. Indeed, a key set of the negative events we queried have explicit negative financial effects, although others (such as loss of a spouse) certainly could be fiscally as well as emotionally detrimental. Thus, we cannot say whether lower income acts as a mediator of the relationship between negative life events and quality of life or is simply a marker of negative events that also have financial effects. Our and other analyses have shown that asthma is associated with loss of work, decreased work effectiveness, change in working conditions and loss of pay. 12 14 32-34 Theoretically, this could lead to more reports of selected negative events, yet we did not observe any substantive difference in number of events stratified by either Severity of Asthma Score or FEV 1 , making this an unlikely explanation for our findings.
This study is a cross-sectional analysis. Although the assessment of Severity of Asthma Score and AQOL was assessed via telephone survey that took place before the home visit at which the life events questionnaire was administered, the median time elapsed between the two was only 8 weeks, whereas the recall period for life events was over 12 months before the home visit. We also recognise that the key study measures, by definition, are based on self-report. Thus, we cannot exclude an element of reporting bias wherein persons with certain traits-for example, anxiety-over-report negative life events and also respond to questionnaire items consistent with poorer AQOL scores. Arguing against such reporting bias as being a major factor driving our findings is the observation that the AQOL subscale ''Health Concerns'' was weakest in the association with reported negative life events, and yet this is the subscale that includes worry that asthma is shortening the respondent's life, worry about the future because of asthma, and fear regarding asthma control and drug dependence. 25 Although recall bias could also theoretically come into play, surveys of major life events are believed to be relatively unaffected by systematic differences in reporting by disease status. 20 We did not analyse the relationship between negative life events and asthma exacerbations. To the extent that increased asthma exacerbations are linked to greater disease severity, our multivariate modelling would have taken this into account and could represent ''overadjustment'' for this effect. A study of severe life-threatening asthma among people aged 15-49 years found no difference in the mean number of total negative life events among cases (3.9) compared with controls without asthma admitted to hospital (3.5), but a comparison group of non-hospitalised people with asthma did report significantly fewer events (2.8). 35 A survey of Finnish college students reported that 21% of those with lifetime asthma reported at least one stressful life event, a significantly higher frequency than among controls (13.4%), but exacerbations were not studied. 36 A study of childhood asthma (in children aged 6-13 years) found that experiencing a recent severe life event was a risk factor for disease exacerbation in a 3-week period beginning 1 month after the event. 37 These studies support a possible relationship between negative life events and asthma exacerbation. Exacerbation after stressful life events has been the subject of study in several chronic conditions with mixed findings; the most consistent association has been observed in multiple sclerosis. 38 We did not explore in depth the potential relationships among psychological status (including depression), quality of life, life events and disease severity. We found a modest association between combined income-severity and life events as joint predictors of SF-12 mental health score (MCS). MCS was also weakly correlated with AQOL score. Analysis of more specific measures of depressive symptoms could provide additional insights into these associations. The relationship between illness severity and quality of life has been reported previously in analyses based on this cohort and other studies. 26 39-42 A recent systematic literature review on this subject underscores, however, that even the severity-quality of life relationship is complex, depending on the classification of severity used and mental health covariates in the study population. 4 Limited data from other analyses of negative life events in relation to quality of life are available. An asthma-specific study including a life events battery assessed a Serbian translation of the Juniper Asthma Quality of Life instrument. 43 Carried out among 160 adults with asthma in Belgrade, interviewed in 2000-2, that study reported that ''stressful life events and duration of disease were not limiting factors of the quality of life of asthma patient [sic]'' but did not provide data supporting this observation. Using the short form health survey 36 (SF-36) as a measure of quality of life, a study of 354 adult survivors of testicular cancer found a statistically significant association between the number of negative life events and the mental health subscale, but not the physical health subscale. This analysis took into account cancer treatment and comorbidity, as well as education (which is a common measure of SES). 44 A study of 112 persons with breast cancer also found that the number of negative life events (from an abridged battery) was associated with poorer SF-36 mental health subscale scores assessed 12 months after diagnosis or surgery, taking cancerrelated stress into account, but such a relationship was not noted for physical health. 45 Our secondary analysis, using the SF-12 rather than the SF-36 and taking into account income and severity, found a weak, non-significant relationship for physical health (PCS; p = 0.10) and mental health (MCS; p = 0.11). The weak association we observed may be explained by the differences in measurement of quality of life using a general health status instrument compared with a diseasespecific instrument (the AQOL) and by testing a model that took into account the combined effects of income and disease severity, as well as negative life events. Figure 2 Association between the number of negative life events experienced in the previous 12 months and asthma-specific quality of life among 189 patients with different income-asthma severity levels. The overall model is significant (F = 11.5; p ,0.001), as is the association for number of events (F = 3.1; p = 0.03) and asthma severity-income group (F = 19.0, p,0.001). AQOL, Asthma Quality of Life.
Our study suggests that negative life events are associated with a decrement in quality of life among adults with asthma, particularly among those whose baseline quality of life is relatively intact. Although wealth may not ''buy'' good health, better SES seems to buffer the association of negative events and health-related quality of life. Negative life events, unfortunately, may not be preventable. Nonetheless, those caring for persons with asthma should be aware that after such events, quality of life is likely to deteriorate, especially in certain subsets of patients. Among those people, attention to this potential decline and intervention, where possible, is warranted.
